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The antioxidant and antibacterial activities of six edible plants were evaluated. The ac-
tive constituents of the edible plants were extracted using boiling water or 80% methanol.
Results demonstrated that extraction of antioxidants by boiling water was more efficient.
Lycium depressum and Berula angustifolia had the highest antioxidant activities and,
therefore, could be rich sources of natural antioxidants. The antibacterial activities of
the extracts were tested against Staphylococcus aureus, Escherichia coli, Entrococcus
faecalis and Proteus mirabilis. Further research is needed to isolate, characterize, and
identify the bioactive compounds present in these plants.1. Introduction
Oxidative stress-related illnesses have been reported to
include cancer, heart disease, and neuronal degeneration
diseases, such as Alzheimer’s and Parkinson’s diseases, as
well as being involved in the process of aging [1]. Natural
antioxidants have been reported to play a major role in
blocking the oxidative stress induced by free radicals [2].
Therefore, it is very important to find out new sources of
safe, and inexpensive antioxidants of natural origin.
Recently, many researchers have shown interest in edibleof Chemistry, Faculty of Science
acopuncture Institute
3.01.016and medicinal plants for their phenolic contents and rela-
ted total antioxidant activities [3,4].
Wild edible plants are important constituents of tradi-
tional diets in Iran. Some of these plants have not been
screened for their antioxidant activity. This information is
necessary to validate the safety, and traditional uses of the
plants, and may be used to establish antioxidant databases
and find out new natural antioxidants.
The purposes of this study were to determine the total
phenolic and flavonoid contents, and to evaluate anti-
oxidant and antibacterial activities of six edible plants
using different assays., Ilam University, Ilam, Iran.
160 R. Tabaraki et al.2. Materials and methods
2.1. Materials and reagents
2,4,6-Tris (2-pyridyl)-s-triazine (TPTZ), Folin-Ciocalteu (FC)
reagent and gallic acid were purchased from Merck. 1,1-
diphenyl-2-picrylhydrazyl (DPPH), 2,2’-azino-bis-(3-ethylb-
enzthiazoline-6-sulfonic acid) (ABTS), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox) and cat-
echin were obtained from Sigma-Aldrich. Linoleic acid was
purchased from Fluka.
2.2. Plant samples and extraction
Plant samples were collected from the Western provinces
of Iran in April and May 2010. Information about these
plants is provided in Table 1.
For the water extraction, 0.5 g of the fine powder was
extracted with 10 mL of distilled water at 100C for 1 hour
in a water bath. For the methanolic extraction, 0.5 g of the
powder was extracted with 10 mL of 80% methanol at 37C
for 3 hours. The samples were then centrifuged at 4500 rpm
for 15 minutes and the supernatants were used for analysis.
Moisture and ash contents were determined using standard
methods [5].
2.3. Analytical methods
The total phenolic content (TPC) of the extracts were
determined using the FC reagent [6]. The radical scaveng-
ing activity of each extract was measured using the Brand-
Williams method [7]. The Trolox equivalent antioxidant
capacity (TEAC) assay is based on the ability of a compound
to scavenge the stable ABTS radicals [8]. Each sample
(200 mL) was mixed with 3.0 mL of ABTS solution and
absorbance was then measured at 734 nm. The ferric
reducing ability of plasma (FRAP) assay was carried out
according to the procedure of Benzie and Strain with a
slight modification [9]. The reducing power of the extracts
was measured according to the method reported by Yen
and Duh with some modifications [10]. The total flavonoid
content of extracts was measured according to the method
reported by Zhichen et al [11].
For the lipid peroxidation inhibition assay, extract
(40 mL) was mixed with 4.1 mL of linoleic acid in absolute
ethanol (2.51%), 8 mL of phosphate buffer (pH Z 7.0;
0.05 M) and 3.9 mL of distilled water. The mixture was then
placed in an oven at 40C. Then, 75% ethanol (9.7 mL) and
30% ammonium thiocyanate (0.1 mL) were added to theTable 1 List of plants traditionally consumed in Iran.
Scientific name Local name
Allium yazdianum Picheg
Berula angustifolia (L.) Mertens Paghaze
Crocus haussknechtii Boiss Pusheg
Lycium depressum stocks Khashk
Ornithogalum brachystachys Tarreg
Tragopogon longirostris Bisch Shengabove mixture (0.1 mL). Three minutes after adding 0.1 mL
of ferrous chloride (0.02M in 3.5% hydrochloric acid) to the
reaction mixture, the absorbance of red color was meas-
ured at 500 nm [12].
2.4. Antibacterial activity
The antibacterial activity of the extracts was determined
against Staphylococcus aureus (ATCC 1885), Escherichia
coli (ATCC 1652), Entrococcus faecalis (ATCC 2321) and
Proteus mirabilis (ATCC 2601). Bacterial-isolates were
obtained from Razi Vaccine and Serum Research Institute,
Tehran, Iran. Bacterial strains were cultured overnight at
37C in Mueller-Hinton-Agar medium (MHA). Antibacterial
tests were carried out using the disk diffusion method and
standardized bacterial suspension containing 108 CFU/mL.
Disks (6 mm in diameter) were placed spaced apart on the
edge of the agar plate. Then 10 mL of extract (at concen-
trations of 1, 1/2, 1/4, 1/8, 1/16, 1/32, and 1/64 in DMSO)
were added to the disk. Gentamicin (10 mg/disk) and oxy-
tetracycline (10 mg/disk) were used as positive controls.
The plates were incubated at 37C for 24 hours. The
diameters of the inhibition zones were used as a measure of
antibacterial activity and each assay was repeated three
times.
Minimal inhibition concentration (MIC) values were
studied for the Tragopogon extract using the micro-well
dilution assay method. This extract was effective against
Escherichia coli. The incula of the bacterial strains were
prepared from 24-hour broth cultures and suspensions were
adjusted to 0.5 MC Farland standard turbidity. The Trag-
opon extract was dissolved in 10% DMSO and diluted. A 96-
well plate was used and 100 mL of diluted suspension were
added to each well. A 100-mL aliquot from the stock sol-
ution of the plant extract was added into the first well.
Then 100-mL serial dilutions were transferred into six con-
secutive wells. The final volume in each well was 200 mL.
The plate was covered with sterile plate sealers. Then the
plate was incubated in the shaker incubator at 150 rpm at
an appropriate temperature for 24 hours. The MIC value
was defined as the lowest concentration of the plant
extract required for inhibiting the growth of bacteria.
3. Results and discussion
As shown in Table 2, the leaves of Lycium depressum
demonstrated the highest total phenolic content (56.21 mg
of gallic acid equivalents/g of dry weight), total flavonoid
content (32.63 mg catechin equivalents/g of dry weight),Plant part used Moisture (%) Ash (%)
Leaf 77.6  3.6 8.9  0.1
Leaf 75.2  3.2 12.5  0.1
Bulb 55.2  1.2 2.0  0.03
Leaf 78.8  2.4 20.0  0.8
Leaf 72.9  0.6 8.2  0.2
Leaf 79.2  1.8 13.2  0.2
Table 2 Phenolic contents, flavonoid contents and antioxidant activity of aqueous and methanolic extracts of six edible
plants.
Samples TPC* TFy FRAPz TEACx DPPH (%) FRPk ILP (%)
Aqueous
A. yazdianum 8.64  0.13 2.50  0.02 38.30  0.75 25.83  0.56 61.67  0.84 232.0  5.67 41.40  0.59
B. angustifolia 23.08  0.27 9.52  0.13 60.63  1.14 87.20  0.81 78.80  1.37 644.0  8.43 69.13  0.88
C. Haussknechtii 5.74  0.08 2.36  0.03 17.17  0.29 26.80  0.54 34.07  0.64 22.13  0.20 20.27  0.56
L. depressum 56.21  0.99 32.63  0.36 445.0  8.30 729.0  4.00 93.84  1.34 732.0  9.83 84.07  1.27
O. brachystachys 8.50  0.12 5.22  0.07 26.43  0.47 46.63  0.61 55.88  0.73 171.0  3.74 30.63  0.46
T. longirostris 16.74  0.23 5.61  0.10 51.20  0.45 74.65  1.0 71.61  1.21 626.0  9.87 58.60  1.15
Methanolic
A. yazdianum 8.02  0.10 2.05  0.03 27.97  0.45 23.14  0.44 58.94  0.48 197.0  3.13 32.62  0.66
B. angustifolia 20.97  0.31 7.66  0.12 49.93  0.67 80.87  0.73 71.03  1.29 631.0  9.63 66.87  1.34
C. Haussknechtii 4.76  0.07 2.29  0.04 14.47  0.25 22.83  0.19 27.09  0.41 22.13  0.17 17.37  0.20
L. depressum 54.40  0.84 28.18  0.26 420.0  4.73 706.0  11.87 89.59  1.19 711.0  8.63 78.31  1.91
O. brachystachys 7.55  0.30 4.96  0.07 25.50  0.24 46.27  0.56 47.42  0.54 166.0  1.28 27.36  0.26
T. longirostris 13.32  0.10 6.41  0.10 31.05  0.37 65.35  0.94 64.90  0.70 590.0  7.45 52.15  1.26
DPPHZ 1,1-diphenyl-2-picrylhydrazyl; FRAPZ ferric reducing ability of plasma; FRPZ ferric reducing power; ILPZ inhibition of lipid
peroxidation; TEAC Z Trolox equivalent antioxidant capacity; TF Z total flavonoid content; TPC Z total phenolic content.
* Measured in mg/g dry weight in gallic acid equivalent.
y Measured in mg/g dry weight in catechin equivalent.
z Measured in mmol Fe (II)/g dry weight of plant material.
x Measured in mmol trolox equivalent/g dry weight.
k Measured in mmol Trolox equivalent/g dry weight.
Antioxidant and antibacterial activity of six plants 161antioxidant activity using the FRAP assay (445 mmol Fe (II)/g
of dry weight), antioxidant activity using the ABTS assay
(729.0 mmol Trolox equivalent/g of dry weight), DPPH rad-
ical scavenging activity (93.84%), reducing power (732 mmol
Trolox equivalents/g of dry weight), and inhibition against
lipid peroxidation (84.07%). Crocus Haussknechtii and
Allium yazdianum had the lowest values. A similar pattern
was also observed with the methanolic extracts.
The correlation coefficients (R) between the antioxidant
activities and the total phenolic content of these plants
were also determined. There were high positive linear
correlations between antioxidant activities and total phe-
nolic content for aqueous (RTPC,FRAP Z 0.967,
RTPC,TEAC Z 0.966, RTPC,DPPH Z 0.847, RTPC,inhibition of lipid
peroxidation (ILP) Z 0.876) and methanolic extracts
(RTPC,FRAP Z 0.971, RTPC,TEAC Z 0.972, RTPC,DPPH Z 0.839,
RTPC,ILP Z 0.859). Each antioxidant assay only provided anTable 3 Antibacterial activity of different extracts and gentama
inhibition zones.
Staphylococcus aureus Es
Allium yazdianum R R
Berula angustifolia (L.) Mertens R R
Crocus haussknechtii Boiss R R
Lycium depressum stocks R R
Ornithogalum brachystachys R R
Tragopogon longirostris Bisch R þ
Gentamicin þþþþ þ
Oxytetracycline þþþ R
R Z resistant; þ Z 3e5 mm; þþ Z 9e12 mm; þþþ Z 14e16 mm;estimate of antioxidant capacity that is subjective to its
conditions and reagents. Therefore, the use of different
methods helps to identify variations in the response of the
extracted compounds.
The results from testing the antibacterial activity of the
plant extracts are provided in Table 3. Tragopogon extract
was only active against E. coli. Other extracts did not show
any antibacterial activity against S. aureus, E. coli, P.
mirabilis and E. faecalis. The MIC of Tragopogon extract
against E. coli occurred with the dilution of 1/4. The anti-
bacterial activity of antibiotics was compared with the
antibacterial activity of the extracts (Table 3). E. coli and
E. faecalis were resistant to gentamicin, but P. mirabilis
and S. aureus were semi-sensitive and very sensitive,
respectively. E. coli did not show any reaction to oxy-
tetracycline, while P. mirabilis and E. faecalis were
resistant to it, and S. aureus was semi-sensitive.icin using the disk diffusion method measured by diameter of
cherichia coli Proteus mirabilis Enterococcus faecalis
R R
R R
R R
R R
R R
R R
þ þþþ þþ
þþ þþ
þþþþ Z 20e21 mm.
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TPC, total flavonoid content and antioxidant activity dif-
fered significantly between the selected edible plants. As
far as we know, this is the first study into the antioxidant
and antibacterial activities and total flavonoids of these
plants. In particular Lycium depressum, Berula angustifolia
and Tragopogon longirostris were found to be valuable
sources of natural antioxidants, both for the preparation of
crude extracts and for further isolation and purification of
antioxidant components.References
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